Introduction
For fishes that inhabit regions of river rapids, the current speed and the complexity of the flow around obstacles and close to the riverbed are some of the most important factors affecting their distribution (Vannote et al. 1980 , Allan 1995 , Matthews 1998 . One of the most successful groups occupying fast-flowing habitats in the Neotropical region is the family Loricariidae (Reis et al. 2003) . They show several adaptations for moving in strong current or preventing them from being washed away. In some species, the elongated pectoral fins help to keep the fish fixed in place by friction, also acting as a hydrofoil, using the strength of the current to hold the fish against the substrate (Webb 1989 ).
Their suckermouth functions as an organ of adherence, fixing the fish to the substrate and avoiding drifting (Hora 1930) . The choice of a favorable breeding site in this type of environment requires caution, because the spawn must be protected from the water flow, and, in some cases, by means of parental care (Balon 1975) .
These features are recognized in several species of loricariids, including the genus Neoplecostomus, small-sized rapid-dwelling fishes with little-known life histories (FerrarisJr. 2003 ). The genus is currently represented by 14 species (Andrade & Langeani 2014) .The armored catfish Neoplecostomus microps (Steindachner 1877) occurs in the Paraíba do Sul River basin and adjacent coastal rivers (Langeani 1990 , Buckup 2007 ) in southeastern Brazil. Information about the diet and reproductive dynamics of N. microps in mountainstreams of the upper Paraíba do Sul River basin was presented by Braga et al. (2008) . However, these authors did not report information on the spatial distribution and spawning sites. In the present study, we present the first records of N. microps spawns in natural habitats and describe sexual dimorphic characters of this species. The patterns of spatial distribution of the different-sized individuals in a mesohabitat and microhabitat scales are also described and discussed.
Material and Methods
The Macaé River is a seventh-order river located in northern Rio de Janeiro State, southeastern Brazil (22°21 0 22°28 0 S; 42°27 0 42°35 0 W). The basin of this river lies within the region with the highest rate of endemism for fishes of the Atlantic Forest (MMA 2000) , and is one of the largest drainages in the State of Rio de Janeiro, draining directly into the Atlantic Ocean from altitudes up to 1,700 m. The river channel at upper and middle stretches of the Macaé River and its tributaries is characterized by sequences of pools and riffles. The streambed consisted of stones and boulders, and occasionally gravel. In the lower portion, the river flows predominantly on sandy and muddy substrate.
The longitudinal distribution of N. microps was assessed by sampling in 12 locations equally distributed throughout the upper, middle and lower stretches of the Macaé River and in major tributaries. The fish sampling was performed bimonthly between March 2004 and March 2005. To assess the species' distribution in the mesohabitat, the occurrence of individuals in riffles and pools was evaluated. In the riffles, the current was fast (Global Flow Probe FP101) (1.29 ± 0.32 m s -1 ) and water depths (graduated scale) were typically less than 30 cm. The pools were located between stretches of rapids, had mainly sandy bottom, and commonly contained deposits of leaves and detritus. The pools were always deeper than the runs and riffles, with a slower current (0.24±0.13 m s -1 ). Two microhabitats were evaluated within each mesohabitat, the river channel and the marginal region. In fast-flowing stretches, marginal microhabitats presented mainly live vegetation of Zingiberaceae. On the other hand, the substrate in the river channel was composed exclusively by medium to large-sized rocks and boulders.
The specimens were collected using sieves (40 x 60 cm; mesh sizes 5 mm and 500 mm), drift net (50 cm diameter; mesh 500 mm) and conical net (1.5 m x 1 m; mesh 5 mm) in the river channel. In this last method, rocks on the riverbed are picked up and moved, exploiting the current to carry fish, benthic invertebrates, leaves and debris toward the net, which is below the disturbed area, retaining all organisms. The fish longer than 3 cm were collected with 5 mm mesh (sieve and conical net) and fixed in 10% formalin; juveniles and larvae caught with 500 mm mesh (sieve and drift net) were fixed in 4% buffered formalin (Nakatani et al. 2001) . Environmental parameters were measured using YSI 30 (temperature and electrical conductivity) and YSI 55 (dissolved oxygen). Voucher specimens of adults were deposited in the Museu Nacional do Rio de Janeiro under number MNRJ 39018.
The specimens collected were measured and then dissected (n ¼ 219) for confirmation of the sex and reproductive phase (Brown-Peterson et al. 2011) . A Student's T test was used to evaluate differences in SL between genders.
The number of size classes of N. microps was determined by the Sturges rule, where K ¼ 1 þ 3.222 x log n, where n is the sample size. The interval between the classes was generated based on H ¼ R / K, where R is the amplitude of standard length, and K is the number of classes (Sturges 1926) . The sizes of the specimens collected in the marginal region and in the channel were compared using Student's T test (Zar 1996) .
During the collections, stones and boulders larger than 30 cm were moved and had their undersides examined, to locate spawns. Each spawn was photographed, and some eggs were removed and immediately fixed in 4% buffered formalin for subsequent measurement on the diameters. Then, the stones were repositioned in the original position and their two major axes were measured from the insertion point on the riverbed. Dissection of eggs with embryos in advanced stage of development and comparison with larvae confirmed that the spawns belong to N. microps.
The photographs taken in the field were used for egg counting. Unhatched eggs and empty shells were included in the counts. The diameters of the eggs collected were measured with a stereoscopic microscope fitted with a micrometer lens.
The Shapiro-Wilk test was applied to verify normality of the egg-diameter data for each stone. Because the data did not indicate a normal distribution, they were submitted to the nonparametric Kruskal-Wallis test to compare the egg diameter of different stones. In cases where there was a significant difference, the post-hoc H test of multiple comparisons was performed (Zar 1996) .
Results
Neoplecostomus microps occurred in the middle and upper stretches of the Macaé River and tributaries, at altitudes between 50 and 1090 m. Specimens were captured only in fast-flowing habitats. At the capture sites, water temperature ranged from 11.6 to 25. A total of 290 specimens of N. microps were collected, 242 of them in the river channel, 47 in the river margin and one in the drift. Of this total, 117 were males, 102 females and 71 were of indeterminate sex (all of them below 30 mm SL). The standard length (SL) ranged from 7.5 mm to 99.0 mm. Males were generally larger than females (mean SL 66.6 mm vs. 57.9 mm, respectively; p o 0.001). The largest female measured 80.0 mm, and the largest male 99.0 mm. The smallest female and smallest male found to be reproductively active were 58.0 mm and 64.0mm, respectively.
Nine size classes were determined, with intervals of 10.25 mm between the classes. The distribution of sizes in the rapids showed a difference related to ontogenetic development (t test, t ¼ 10.71, p o 0.0001). Post-flexion larvae and juveniles from 7.50 mm to 32 mm SL (classes 1 to 3, Figure 1 ) occurred almost exclusively in the marginal vegetation. Juveniles and adults with standard lengths between 27 mm and 99 mm (classes 2 to 9) were reported in rapids, in gaps between stones and boulders on the riverbed (Figure 1) . Classes 2 and 3 were the only ones with specimens collected in both marginal and channel microhabitats (Figure 1) .
During the analysis, external morphological differences were observed, suggesting sexual dimorphism. The dissections confirmed that the differences were of sexual nature, even in juveniles. Males of N. microps show an epidermal growth along the pelvic-fin spine, forming a flap that projects toward the side of the body (Figures 2b and 2c) ; this flap was observed in specimens from 32 mm SL. No females showed this epidermal expansion (Figure 2a) .
Another difference observed between the sexes was in the genital area. In N. microps females, the anal and urogenital pores were very close, with the middle of the papillae merged, giving the appearance of a single opening (Figure 3a) . The males showed a separation between the anal and urogenital pores, featuring two distinct and defined openings (Figure 3b ).
Spawns were found in two sites in the Macaé River basin, in November 2004 and January 2005, during the rainy season, exclusively in rapid stretches. Of the total of eight spawns found, six were in the upper Macaé River, at 850 m altitude (site RM3), and two in the Boa Esperanc¸a River (site RBE), a left tributary of the middle Macaé River, at 651 m altitude (Table 1 ). The characteristics of the sites were similar, with the fast-flowing portion associated with stones and boulders (i.e. headwaters).
Eggs of N. microps were found attached to the undersides of eight stones, in cavities formed in the river bottom. The number of eggs per stone ranged from 62 to 375 (Table 1) . Eggs in different stages of development were found on the same stone (Figures 4a, 4b, 4c and 4f) .The egg colors ranged from yellow-gold, in eggs full of yolk in early development ( Figure  4d ), to brown, in eggs with pigmented embryos (Figure 4e ) in an advanced stage of development.
The mean diameter of eggs was 4.0 mm, with significant differences in the mean diameter of the eggs on different stones (KW ¼ 37.84, po 0.001). The greatest variation in diameter occurred in stone VIII, and eggs on stone III differed in diameter from the eggs of the other stones (Table 1 ). The stone with spawn V attached to the riverbed could not be removed, and therefore the number and sizes of the eggs were not determined. The current speed at the location of each spawnbearing stone ranged from 0.97 m/s to 1.97 m/s (Table 1) . The largest stone with a spawn corresponded to spawn IV, and the smallest stone had spawn VIII (Table 1) .
Discussion
Neoplecostomus microps occurred only in fast-flowing stretches with stones and boulders, typical of the upper and middle stretches of the Macaé River. Neoplecostomus microps was not recorded in the lower portion of the Macaé River, where the flow is slow and the substrate is sand and mud. This species has its life cycle restricted to the rapids. In this environment, N. microps of smaller size classes occur in the marginal vegetation and specimens of larger classes were captured in the river channel. Although N. microps is known to occur in altered habitats, the vegetation specificity where young individuals were found (almost exclusively Zingiberaceae) highlights the importance of the native vegetation in the life cycle of this species. In addition, silting caused by deforestation could alter substrate composition, rapids dynamics and spawning sites, thus affecting the species' longitudinal and spatial distribution. This spatial segregation can be related to limited or even absent swimming performance of juveniles to persist in rapids due to higher water velocity (Nikolsky 1963) . The presence of juveniles in margin and a rare capture in drift may be associated to short period of drift, as observed to other rapids-dwelling catfishes (Brown & Armstrong 1985) . This spatial segregation would also avoid intraspecific competition in species with the same preferences at different stages of life (Arratia 1983 , Garutti & Figueiredo-Garutti 2000 . The care given to offspring implies both modifications in the parents' bodies to protect or carry their young, and a greater investment in egg quality, i.e., a larger amount of yolk. The spawns of N. microps found in the natural environment had a small number of large, adherent eggs. This seems to be a common character for Loricariidae that provide care for the offspring, represented by species that lay their eggs in cavities (Moodie & Power 1982 , Sabaj et al. 1999 , Cruz & Langeani 2000 and by species that carry their eggs attached to the body (Menezes 1949 , Taylor 1983 , Schmidt 2001 . Furthermore, larger oocyte size is associated with larger embryo/fry size, which increases the chance of survival of the offspring in unstable environments (Nikolsky, 1963) .
The presence of N. microps eggs with different sizes and in different stages of development on the same stone suggests that the same female spawned more than once or that more than one female spawned at that site. This variation in egg size may be associated with age (larger females produce larger oocytes), asynchronous spawning (reduction in the size of oocytes from previous spawnings), nutrition (proper diet during gonadal maturation provides nutrient transfer) and genetics (quality of oocytes) (Brooks et al. 1997 , Einum & Fleming 2002 , Kunz 2004 . Reproduction with different partners, as recorded for other Loricariidae, both in the natural environment (Moodie & Power 1982 -Loricaria uracantha) and in captivity (Sabaj et al. 1999 -Ancistrus spp.) , also appears to occur in N. microps. Considering the low fecundity (44 to 54 oocytes found by Braga et al. 2008 ; 32 to 55 oocytes found by Alves et al. unpublished) and the relatively high numbers of eggs (up to 375) found in N. microps nests, it is probable that the male mates with more than one female.
Apparently, one factor in choosing a stone is the presence of cavities or gaps (formed between the stone and riverbed) appropriate for the surface, size and position relative to the current. Larger stones may also have a stronger support on the river bottom and thus have a smaller surface available for laying eggs. This may be observed in spawns IV and VIII, with similar numbers of eggs but on stones of different sizes. Another important factor was the shape of the stone. Round stones may provide a smaller surface for laying eggs than flatter stones, as well as being potentially less stable in strong current. Hiding the spawn in a hole or in a cavity does not mean that the offspring will be actively protected by the parent. However, the location and the environmental disturbances were significant factors in determining the spawning sites. The choice of larger stones for spawning in the rapids demonstrates the caution of N. microps in avoiding stones that can be displaced Sexual dimorphism has been detected in Neoplecostomus species where the males have developed odontodes and an extension in the head region (Zawadzki et al. 2008 , Roxo et al. 2012 , Andrade & Langeani 2014 . In N. microps, the sexual dimorphism observed in the genital area and in the pelvic fins had been poorly reported in literature. The distinctive papillae in male differ from the unique papilla in females, noted in immature specimens but most visible in adult. Other distinction between the sexes documented here is the epidermal projection on the pelvic-fin spine, present in males, even immature ones. Females did not express this modification in any life stage.
The identification of permanent external dimorphism is important for biological studies, because it eliminates the need for dissection to determine the sex of an individual. In the case of species such as N. microps, and of species that are targets of monitoring and conservation, population-monitoring protocols that allow determination of the sex ratio without killing individuals will be useful.
